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USE OF FLAME-IMMERSED BLADES TO IMFROVE COMBUSTION LIMTTS AND
EFFICIENCY OF A 5-INCH DIAMETER, CONNECTED-PIPE,
RAM-JET COMBUSTOR

By Donald W. Male

SUMMARY

The effects of flame-immersed blades on cormbustion stebility and
efficiency were determined at various combustor-inlet conditlions by
using several geometriceal blade srrangements, two fuels, two fuel-

injection systems, and two blade temperatures. Flat blades, 3l by ig by

% inches, were immersed in the flame zone downstream of a conventionsl

V-gutter baffle in a 5-inch-diameter, connected-pipe, ram-Jjet combustor.

Specific combustor configurations with flame-immersed blades showed
marked improvement in stability and efficilency. The surface temperature
of the lmmersed blades exhiblted a second-order effect on the combustion
stability and efficiency, thereby indicating that the role of the flame-
immersed blades was primarily aerodynamic in character rather than
thermal. Attempts at duplicating the benefites of flame-immersed blades
by other means such as by variations in the gutter dimensions or by
upstream-air vortex gemeration were unsuccessful.

The combustion efficiency of a burner configuration containing
blades designed to increase mixing of the flame with fresh mixture
downstream of the V-gutter flame holder was improved over that of a
V-gutter alone. In addition, the combustion efficiency of this config-
uration was less sensitive to pressure than that of a V-gutter flame
holder slone for the range of pressures investigated (0.45 to 1 atm).

INTRODUCTION

In the current efforts to improve ram-jet cormbustor performence,
major emphasis has been placed upon the design of components upstream
of the flame such as fleme holders, fuel-injection systems, and other
parts of the induction system; and relatively little has been done in
the flame region itself. The combustlon reactants are placed together
in the combustion chamber, which affords space for reaction. In the
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cagse of baffle-type flame holders no assistance other than the reclircu-
lation zone of the flame holder is provided for the conbustion reaction.
In the case of the can-type combustor, somewhat more-control of the
addition of air or mixture to the burning gases is achleved by means of
the axially spaced holes, bub no aerodynamic control exists within the
combustion space itself. The main reason for this 1s that materilals
that can survive in the combustion atmosphere are not readily available.
It was feared that the reaction would be seriously quenched if materials
were externslly cooled.

Combustion efficiency and stebility can be affected by surfaces
placed in the flame zone which are frequently called "flame-immersed
surfaces" (refs. 1 to 3). An increase in the limits of combustion in e
ram-Jjet combustor resulting from the addition of carbon wedges 1in the
fleme zone is shown in reference 1. Oxldation of the carbon limited the
investigation to intervals of short operational time.

Improvement 1n the combustion stability of & single gutter achilieved
by filling it with ceramic meterial is briefly reported in reference 2.
The performance of a 4- by 8-lnch rectangular dvcted ram jet with up to
12 gutters 1ln tandem is reported in reference 3, page 9. While Inconel
gutters, which melted during testing, were used in obtaining most of the
data in reference 3, a newly developed materiasl, molybdenum coated with
molybdenum disilicide, was found sufficlently resistant to melting and
oxidation to be satlsfactory es a flame-immersed material; it therefore
was selected for use in this investigation.

This report indicates how the combustion stability and the effi-
clency of a V-gutter fleme holder can be affected by immersing flat
blades in the flame. Several gecmetrical arrangements, two fuels (gas-
oline and isopentane), two fuel-injection systems, and two blade temper-
atures were used with varlous combustor-inlet conditions. The tempere-
ture of the immersed blades was varled to isolate the aerodynamic effect
of the immersed blade from the combined aercdynamic and thermal effects.

The investigation was conducted at the NACA ILewls leborestory during
1952.

APPARATUS

The investigation reported herein was conducted in & 5-inch-
diameter, connected-pipe, ram-Jjet combustor supplied with metered com-
bustion air at a pressure of 55 pounds per square inch absolute. The
combustion products were discharged to the laboratory exhaust system at
a pressure of 2 pounds per square inch absolute (figs. 1 and 2). Sonic
flow was maintained at the inlet air control unit shown in figure 1 to
isolate any large pressure pulsges occurring upstream in the supply
system. The air mass flow was varied by moving a sleeve on the air
control unit to vary the number of holes exposed to the air.
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In order to obtain realistic ram-jet operating conditions, sonic
flow was maintained with a two-dimenslonal varliable-area exhaust nozzle
(Pig. 2). A metered water spray was introduced at the nozzle exit to
quench the reaction and to permit determination of combustion efficiency
by calorimetric methods.

Clear gasoline or lsopentane metered by a rotameter was injected
124 inches upstream of a V-gutter flame holder l%-‘ inches wide by

l-;I= inches high and was ignited by a momentary hydrogen-oxygen pllot in
one end of the gu'bter

The fuel injector consisted of two concentric tubesgs with two rows
of 0.055-inch holes,drilled 180° apart,through both tubes. Fuel was
supplied to the center tube and air to the annulus to atomize the spray.
The fuel injector was mounted at the inlet of the diffuser perpendicular
to the stream and oriented so that the fuel sprayed normel to the
stream (fig. 2). For part of the investigation, a low fuel-injection
pressure of about 10 pounds per square inch gage was used and, for the
remainder of the lnvestigation, a hlgh pressure of 45 pounds per square
inch gage was used.

Two types of blade were used (fig. 3); uncooled molybdenum blades
protected from oxidation by & coating of molybdenum disilicide, and
Inconel blades protected fram melting by internal water cooling. Unless
otherwlse specified, the blades were uncooled. A maximum of 12 blades,
13 1

16 by 35 by %‘- inches, were cantilever-mounted in the water-cooled com-

bustor in various arrangements (fig. 4).

PROCEDURE

The combustion efficiency was determined by operating the combustor
at equilibrium at a given condltion with the quench water rate adjusted
so that the temperature of the exhaust gases was 600° F. Efficiency
calculations were based on the ratio of the total enthalpy rise over the
theoretical enthalpy rise possible if all the fuel were completely
burned.

Efficiency calculations were made according to the following
equatlion:

Z(AH,W + AH_ + AHj) n
(G160 (
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wWhere

1 combustion efficiency

AH enthalpy rise of water used to quench exhaust gases, Btu/lb
original alr

JAY: PN enthalpy rise of exhaust gases, Btu/Ib original air

AHJ enthalpy rise of cooling Jjacket water, Btu/lb original alr

He lower heating value of fuel, Btu/lb

f/a fuel-air ratio

and where for mixbtures richer than stoichiometric:

AFe = AHg + [(£/a)e - (£/2)s] [(Lv)Ty + cp(Te - T1)]

AHg enthalpy rise of stolchlomeiric mixture, Btu/lb originel air

(f/a)e actual fuel-air ratio
(f/a)g stoichiometric fuel-air ratio

(Lv) latent heat of-vaporization, Btu/lb fuel
ep mean heat capacity, Btu/(°F)/1b fuel

Te temperature of exhaust gas, °R

Ty inlet mixture temperature, °R

With this method of calculating combustion efficiency, 1t is not possible
to attain values of 100 percent at fuel-alr ratios in excess of
stoichiometric.

Combustion 1limits were determined by gradually changing the fuel
rate, or combustion pressure, from a condition of stable burning to a
condition of no burning, a change which was definite and sbrupt in all
cases.

RESULTS AND DISCUSSION

The basilc data for combustion limits and efficiencies discussed in
this section are presented in tables I and II.
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Combustion Limits

Configurations I and 1I. - The combustion limits were determined
for configurations I and IL, illustrated in figures 4(a) and 4(b).
Configuration I consists of a V-gutter flame holder alone and configu-
ration IT conteins 12 molybdenum blades mounted in line with the V-gutter
along the combustor axis and with the blade faces perpendiculsr to the
axis. The data obtained at a combustor-inlet veloclty of 220 feet per
second and an inlet-mixture temperature of 200° F with isopentane and
low-pressure fuel injection are shown in figure 5, in which the limits of
combustion are plotted as functions of inlet pressure expressed in
atmospheres and fuel concentration expressed as equivalence ratio, that
is, the ratio of actual fuel concentration to the stoichiometric fuel
concentration. The presence of the uncooled blades considerably extended
the operable fuel concentration range both rich and lean and lowered the
minimum operating pressure from 0.57 to 0.35 atmosphere.

Geometrical variations. - Inasmuch as the data in figure 5 show that
the combustion limits were improved by the immersed molybdenum blades,
the limits were also determined with the blades for the various gecmet-
rical configurations shown in figures 4(c) to 4(f) with isopentane and
low-pressure fuel InJjection.

In configuration III (fig. 4(c)), two-thirds of the blades were
removed from configuration II so as to leave blades in the first, fourth,
seventh, and tenth positions. Figure 6(&) compares the limits of this
configuretion with the limits shown 1n figure 5 and shows that the limits
lie approximstely halfway between those of conflguretions I and IT.

Configuration IV (fig. 4(d)) is similar to configuration II but has
the first six blades removed. The data showing combustion limits are
presented in Pigure 6(b) (snalogous to fig. 6(a)), and they show that
conflguration IV was less effective than configuration II. It is thus
indicated that the blades have more effect on the stability limit when
placed nearer the gutter than the exhaust end of the combustor.

In configuration V (fig. 4(e)), all 12 blades were used as in con-
figuration II except that &ll the blades were parallel to the combustor
axis instead of perpendicular. The date showling combustion limits are
shown in figure 6(c) and indicate that the parallel configuration was
less than half as effective as configuration II. This suggests that the
aerodynamic effect was important in stabilizing combustion when the
blades were perpendicular to the combustor axis.

In configuration VI, the 12 blades again were used but were turned
at a 45° angle to the combustor axis with alternate blades turned in
opposite directions as illustrated in figure 4(f). The results shown in
figure 6(d) show that the minimum pressure limit was as good as for
configuration II, but the equivalence ratio limits were slightly reduced.
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It might be concluded from the foregoing discussion that the combus-
tion limit was improved as the nunmber of blades used was increased up to ' T
the number tested (12} and thet the combustion limit was a function of .
the wake patterns of the blades and was pdorést when the blades were
parallel to the combustor axis.

Fuel type. - Tnasmuch as isopentane, used in the foregoing tests,
has & much higher vapor pressure than conventional Jet-engine fuels, the
combustion limits of configuration VI were also determined with gasoline.
The data are shown in figure 7 along with the data for isopentene. The
minimum pressure limlt was the same for both fuels, and the lean side of
the curve was approximately similar for both fuels; but the gasoline
appeared poorer then the isopentane on the rich side, probably because
the low-pressure fuel injector was used and poor atomization penalized
the gasoline mixture more severely than the more volatile isopentane.
The date sre interpreted to mean that the reported trends are probably
not fuel sensitive for petroleum fuels.

892

High- and low-presgssure fuel injection. - A study of the low-pressure
fuel-injection syetem indicated that it 4did not deliver a completely
homogeneous mixture to the combustor. A more nearly homogeneous mixture
was obtalned by increasing the atomizing air and fuel-injectlion pressure
to about 45 pounds per squatre inch gage. The combustion limlits of the
V-gutter alone (configuration I) and of the in-line blades (configura-
tion II), which are presented for the low-pressure injection system _
with isopentene in figure 5, were determined also for the high-pressure
fuel-injection system with gasocline and are shown in figure 8. The data .
show that the high-pressure fuel injection improved the combustion limit
of the V-gutter alone, but that the combustion limits of configuration I .
stayed virtually as shown in figure 5, indicating that the blades sare more
beneficial with a fuel system that does not give good spatial distribu-
tion than they are with a fuel system that does.

2-Inch gutter. - The isothermal pressure drop of configursetion II
was about 2.9 kinetlc heads, which is 1 unit higher than that for the

l%—inch V-gutter alone. 8Since increased stability sometimes accompanies

increased pressure drop, an attempt was made to duplicate the combustion
limits of the flame-immersed blades with a slmple V-gutter flame holder
by employing & wider V-gutter with s higher pressure drop.. Consequently,
the combustion limits of a 2-inch V-gutter with a pressure drop of 2.5

kinectic heads were compared with those of the l%ainch V-gutter used in
all the other tests.

The data presented in figure 9 show that the combustion limits for -
the 2-inch V-gutter were poorer than for the_l%—inch V-gutter. The
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decrease In stability was probably caused by the increased air velocity
past the larger baffle. This is in agreement with the stability
criterion, as reported in reference 4, which indicates that the optimum
baffle~-area blockage, with respect to combustion limits, occurs when
the ratio of beffle area to gas velocity past the baffle is a maximum,
According to this criterion, the optimum V-gutter width should be

epproximately l% inches in a 5-inch-diemeter duct.

Effect of surface temperature. - The combustion limlts of config-
uretion IT were determined with the water-cooled Inconel blades in
order to separate the effect of hot surface from the aerodynamic effect,
and these limits are compared 1in flgure 10 with the data for config-
uration I and with the data for configuration II with uncooled blades.
It can be seen that, while the limits of the cooled blades were less
than those of the uncooled blades, the gain produced by the cooled
blades was more than half that of the uncooled blades. Therefore, it
appears that the blades in this position acted principelly as aero-
dynamic baffles within the flame zone, and the surface temperature was
of secondary importance in the stgbilization mechanism. It should be

noted that the closest blade to the V-gutter was 4% inches from it,

and the surface temperature of any device closer to the V-gutter and
Iimmersed farther into the recirculation zone of the V-gutier may be
of greater importance. The temperature of the uncooled molybdenum
blades was as high as 2200° P, as indicsted by optical pyrometer
measurements.

The data show that noncritical materials can be used in a ram-Jet
design to lmprove performance because they can be cooled without severe
combustion performance penaltles.

The reproducibility of the combustion-limit data is indicated in
figure 10 by check date for configuration I obtained on a different
day.

Efficiency

Configurations I and II. - Configurations I and II were used to
determine if the mere presence of hot incendescent surfaces (up to
2200° F) might affect the combustion efficiency. This was done at
three sets of operating conditions as indicated in figure 11. For the
data in figure 11(b) the hydrogen-oxygen ignition flame was left on in
order to obtain the date for the V-gutter alone inasmuch as the condi-
tions are below the combustion limits. Isopentane with low-pressure
fuel injection was used.
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For all the conditions investigated, the combustion effliclency of
configuration II was essentially the same as or slightly higher than that
oft configuretion TI.

Flaeme and mixture mlxing. - Visual study of the flame downstream of
the V-gutter suggested that & more rapid mixing of flame Into the fresh
mixture was needed to improve combustlon efficiency. For this purpose
12 blades were installed in the combustion chamber in s manner intended
to mechanically mix flame with fresh mixture, yet far enocugh downstream
of the V-gutter so as not to upset the basic stability of the flame in
the gutter wake. The arrangement, configuration VII, is shown in fig-
.ure 4(g). The blades were arranged in three equally spaced rows; the
rows were parallel to the stream with four blades to each row in equally
spaced positions, but each blade occupled a different-station in an .
alternating fashion from row to row. Each blade was inclined at an angle
of attack of 45C to the stream, and all blades were turned in the same
directlon so as to indicate a right-hand threaded system.

The combustion efficiency of this configuration, shown as a function
of equivalence ratio in figure 12, was 7 percentage points higher than
corresponding data for a V-gutter alome at an equlivalence ratio of—1 and
14 percentage points higher at an equivalence ratio of 0.8. The inlet
conditions were pressure, 1.33 atmospheres; temperature, epproximately
250° F; and velocity, 200 feet per second. Isopentane and low-pressure
Tuel injection were used for the data in figure 12.

Upstream vortex generation. - An attempt to match this increase in
efficlency by imparting a vortex or swirl to the stream upstream of the
baffle was maede by lnstalling two vortex generators 4 inches upstream of
the baffle, as shown iIn figure 4(h), configuration VIII. These vortex
generators were 1 inch wide and 3 inches long and inclined at a 10° angle
of attack. The intemded flow pattern was two contrerotating spirals in
order to mix flame in the gutter-baffle wake with fresh mixture. The
efficiency of configuration VIII is alsoc shown in filgure 12 and was less
than 30 percent. The explanstion is offered that the mixing occurred tvo
soon, before the flame immediately behind the baffle was well esteblished,
end that mixing served more to quench the flame than to extend its propa-
gatlon. This is supported by the fact that the combustion limits of—con-
figuration VIII, as Iindicated on the efficliency curves by the span of the
curve, were much poorer than those of configurations I and IT or VII.

Wider gutter. - Another attempt to duplicate the increase in effi-
ciency achieved by configuration VII was made by increasing the baffle
width from 1=
increase combustion efficiency. The resultant data with gesoline and the
high-pressure fuel injector are shown in figure 13 and indicate that this
change lowered the combustion efficiency epproximately 5 percentage ’
points.

to 2 inches since increased pressure drop can sometimes

8492
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The conclusion from the data in figures 12 gnd 13 is that aiding or
speeding up the mixing process between flame and fresh mixture with con-
current increase in over-all reaction rate is readily accomplishable
downstream of the flame-holding baffle, but is difficult to achieve
upstream of the flame region without interfering with the stsbility.

Cooled and uncooled blades. - The effect of the mixing blades of
configuraetion VII was further investigated by determining the combustion
efficiency with both cooled and uncooled blades. The data, which are
presented in flgure 14 along with the data for configuration I, were teken
wlth gasoline and the high-pressure fuel injector at the following inlet
conditions: pressure, 1 atmosphere; veloclty, 200 feet per second; tem-
perature, 200° F. The cooled blades produced approximately 80 percent as
much increase in efficlency as the uncooled blades at an equivalence
retio of 1. These data seem to show that the aerodynamic mixing effect
of the blades on combustion efflciency is great and the surface tempera-
ture effect, while appreciable, is notebly less.

The significance of the foregolng discussion is that f£lame-immersed
surfaces can be used in ram-jet combustor design to increase both combus-
tion limits and efficiency, and also that noneritical materiasls can e
agsigned to this Job since they can be cooled without severe performsnce

penalties.

The improved combustion efficlency of conflguration VII with the
uncooled molybdenum blades compared with configuration I at a decreased
inlet pressure of 0.67 atmosphere is shown in flgure 15. The other inlet
conditions were the same as those In figure 14.

Effect of pressure on efficiency with flame mixing. - The efficiency
of configuration VII with umcooled molybdenum blades was investigated over
a range of combustor-inlet pressures from 0.45 to 1 atmosphere with gaso-
line and the high-pressure fuel system. The resultant data are shown in

figure 16.

The combustion effliciency data of reference 5 obtained for the same
5-inch-dliameter combustor described herein with a V-gutter alone correlsate
with the inlet flow varigbles of static pressure P, temperature T, and
velocity V by the empirical parameter pO-3qy~0.8, mhe exponents of the
varlebles were determined by taking the slope of the straight-line correla-
tion when combustion efficiency is plotted against the variables Indivi-
dually on logearithmic coordinstes. If the combustion efficlency data for
configuration VII are cross-plotted from figure 16 at an equivalence ratio
of 1, the exponent of the pressure coefficient in this empirical parameter
becomes 0.17 as compeaired with an exponent of 0.27 obtalned from data in
reference 5 taken with a V-gutter at compargble inlet conditions. Both
sets of data are shown In figure 17. These data indicate that the combus-
tion efficiency of configuration VII is less sensltlive to inlet pressure

than that of the V-gutter alone.
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OPERATIONAL LIFE COF BLADES

The opersational life of both types of blade was excellent for sev-
eral hundreds of hours and dild not limit the test duration except that at

inlet sir pressures above l% atmospheres the molybdenum bledes sometimes

bent under ram pressure when incandescent.

SUMMARY OF RESULTS

The following statements summarize the results obtalned from opera-
tion of the 5-inch-diameter, connected-pipe, ram-jet combustor over the
range of condltlons investigsted.

1. Fleme-immersed blades improved combustion stebillty by extending
the combustlon limits, both rich and lean, and by decressing the minimum
permissible inlet pressure.

2. Flame-immersed blades improved combustion efficiency by ilmproving
the mixing of flame with fresh mixture downstream of a flame-holding
baffle without upsetting the stability of the flame immediately behind
the baffle.

3. Attempts at Increasing the mixing of flame with fresh mixture by
vortex generation upstream of the flame-holding baffle reaulted in
upsetting the combustion staebllity of the baffle,and lowered the effi-

clency.

4. The action off—the flame-immersed blades used in this investigation
on both combustion staebility and efficiency was primarily aerodynamic
Inasmuch as the temperature of the blades showed secondery significance.
Nonrefractory materials, externally cooled, were employed as immersed
surfaces to improve combustion performance.

5. A blade configuration which mixed flame and fresh mixture in the
combustor exhibited less sensitivity of combustion efficiency to inlet
pressure than was found with a V-gutter flame bolder salone.

6. Increasing the baffle width resulted in poorer combustion limits
and efficlency.

Lewis Flight Propulsion Laboratory
National Advisory Commltitee for Aeronautics
Cleveland, Ohio
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TABLE I. - BASIC DATA FOR COMBUSTION LIMITS SHOWN IN FIGURES 5 TO 10

NACA RM ES53Bl6

Plgure Run Airp Inlet Inlet Inlet Equivalence| Blow-out Fuel Injection-{ Config-
flow, static | mixture! veloolty, ratio system uration
Mg, presgure,| temper- rtv’ pressure
» ature, /B6C
1b/sec ata T
oR
5 and 165 0.781 0.377 615 250.2 1.159 Rich Isopentane Low IX
] 166 781 377 615 230.2 .821 Lean
187 <TT9 S48 615 249.0 .966 n. preas,
168 -883 475 6§15 209.7 . 7685 Lean
169 .895 473 615 209.7 1.240 Rich
170 -893 4T3 815 208.7 1.251 Rioch
172 1.378 133 641 217.4 1.349 Rich
173 1.390 . 133 641 219.2 .680 Lean
180 1.99 1.033 548 225.1 .658 Lean
188 2.015 1.060 655 2268.9 1.383 Rich
187 .818 <453 6586 225.6 . 784 Lean
le8 .822 433 655 a224.7 1.151 Rioh
5 266 1.200 0.616 &45 225.7 1.2685 Rich Iaopentsarie Low I
267 l.200 .618 660 251.6 901 Lean
288 1.200 .616 861 232.0 .879 Lean
2689 .990 .56é 852 205.4 1.038 Min. press.
270 1.340 .718 637 214.8 1.271 Rich
271 1.360 718 685 227.6 -850 Lean
274 2.025 1.018 640 229.9 1.333 Rich
275 2.025 1.016 667 239.6 . 788 Lean
276 1.200 .716 645 154.8 1.298 Rich
6(a) 200 0.817 0.433 609 27.1 1.109 Rich Isopentane Low T
201 «812 456 617 206.9 -942 Lean
202 .812 423 613 212.1 1.028 Fun. press.
203 1.005 .538 600 202.7 1.222 Rich
204 1.005 B33 616 209.4 .881 Lean
205 1.005 .538 21 208.8 .853 Lean
206 1.400 « 755 §22 214.2 1.289 Rich
207 1.410 .738 648 223.7 .792 Lean
208 1.427 1.273 639 128.2 1.026 . pressd
&6(b) 131 1.013 0.543 644 218.7 0.855 Lean Isopentane Low Iv
156 1.370 .696 657 255.0 720 Lean
135¢ 1.360 .696 637 224.2 1.172 Rich
145 2.054 1.03Q 6§38 230.0 1.313 Rioch
146 2.054 1.030 639 230.0 699 Lean
8(o) 189 0.918 0.483 801 205.9 1.141 Rich Isopentane Low v
190 .938 483 BO9 212.7 .958 Lean
191 1.001 .53 609 208.2 1.194 Rich
ilg2 .992 533 624 209 .4 820 Lean
183 1.422 JT33 806 21.2.0 1.269 Rich
294 1.447 153 640 227.8 .788 Lean
185 1.970 1.040 651 222.4 . 755 Lean
186 1.873 1.033 8§23 214.6 1.347 Rich
6(d} 208 1.444 0.757 599 211.7 1.513 Rioh Isopentane Low V1
and 7} 210 1.434 757 627 220.0 . 745 Lean
211 l.224 .840 610 210.4 1.289 Rioch
212 1.224 -.837 €37 220.7 - 740 Lean
213 1.429 L7137 8§15 215.1 1.322 Rioh
213 1.429 <737 643 224.9 <752 Lean
215 J.998 1.040 els 214.2° 1.380 Rich
216 1.988 1.037 654 227.3 .687 Lean
232 641 587 606 190.9 1.161 Rich : NA% —/—
241 1.995 1.040 683 229.4 .577 Lean
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TABLE I - BASIC DATA FOR COMBUSTION LIMITS SHOWN IN FIGURES 5 TO 10 - Continued

Figure Run Air Inlet Inlet Inlet Equivalence|{ Blow-out Fuel Injection-{ Config-
flow, static | mixture |veloelity, ratio system uration
Mg, pressure,l temper- v, pressure
1b/sec B ature, £t/sec
atm T,
°R
T 217 1.416 G.757 805 209.6 l.234 Rich Gasoline Low vi
218 1.425 737 639 222.9 702 Lean
219 1.204 .8357 816 210.0 i1.246 Rich
220 1.250 .857 842 225.8 <732
221 1.448 «157 620 219.7 1.222 Rich
222 2.015 1.037 625 219.0 1.225 Rich
225 2.010 | 1.033 gse 250.9 .833 Lean
224 1.183 653 611 206.0 1.232 Rich
225 1.182 8335 636 214.2 .762 Lean
226 .802 433 8§10 203.8 1.199 Rich
227 .819 +433 612 208.4 1.154 Rich
228 .89 435 624 212.9 .855 Lean
229 640 .367 591 185.8 l.178 Rich
230 . .838 367 603 189.1 .948 Lean
231 L8435 330 - 810 214.4 1.08L Rich
233 .639 «367 620 194.7 C.908 Lean Isopentane Low vi
254 .638 .338 813 208.0 1.044 Rich
235 .812 433 618 208.0 1.216 Rich
236 812 -433 634 214.4 .867 Lean
237 .812 433 635 214.8 <847 Lean
258 1.170 633 618 206.0 1.297 Rich
259 1.177 .640 644 2135.6 760 Lean
240 1.980 1.033 629 217.5 1.378 Rich
8 and 457 1.855 1.000 850 229.2 0.741L Lean Gasoline High I

10 458 1.940 | 1.000 626 219.0 1.368 Rioh
459 1.390 « 700 654 2354.2 <771 Lean
460 1.365 700 836 223.7 1.294 Rich
461 1.150 -.600 655 226.4 .815 Lean
462 1.180 -800 632 226.1 1.278 Rich
463 1.180 +600 833 226.5 1.2562 Rich
464 1.176 600 8586 231.7 .798 Lean
465 1.000 500 654 235.8 .816 Lean
466 1.005 .500 636 250.8 1.220 Rich
467 .890 - 450 653 232.9 .866 Lean
468 .890 450 639 227.9 1.152 Rich
469 .890 450 638 227.6 1.180 Rich
470 .885 - £00 &43 259.0 1.008 plin. press
471 0.985 0.500 650 251.0 0.711 Lean Gasoline High II
472 .995 500 627 225.1 1.278 Rich
473 .885 450 856 232.7 « 724 Lean
474 .880 450 631 222.6 1.274 Rich
475 .880 450 6§34 2235.6 1.254 Lean
477 . 760 400 640 219.4 1.2353 Rich
478 .755 «313 655 284.7 982 n. pressd
479 + 760 .526 669 280.7 .882 Min. press.
480 -825 - 400 877 251.8 - T42 Lean
481 -850 330 888 310.4 873 Min. press.J
482 1.185 600 683 243.3 664 Lean
483 1.150 -600 649 224.3 1.377 Rich
484 1.375 700 687 243.4 .648 Lean
485 1.380 <700 652 228.5 1.582 Rich
486 1.930 1.000 £83 237. 634 Lean NACA
487 1.940 1.000 641 224.3 1.401 Rich

L]
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TABLE I. - BASIC DATA FOR COMBUSTION LIMITS SHOWN IN FIGURES S TO 10 - Concluded
Figure Run Alr Inlet Inlet Inlet Bquivalence Blow-cut Fuel Injection-~{ Config~
flow, static |mixture|velooity, ratio system uration
> pressure, temper- )) pressure
» ature, | ft/sec
1b/sec atm T,
OR
9 and | 396 1.914 1.000 670 231.3 0.680 Lean Gasoline High I

10 400 1.914 1.000 636 219.6 1.398 Rich
401 1.425 . TO0 6§70 246.0 .684 . Lean
402 1.425 . 700 538 234.6 1.347 Rich
406 1.181 «€00. §50 254.3 692 Lean
407 1.180 .800 659 255.7 717 Lean
408 1.170 .600 528 220.8 1.353 Rich
409 875 .B00 660 252.2 .T26 Lean
410 .975 . 500 835 225.4 1.257 Rich
411 875 . 450 660 2351.5 767 Lean
412 .868 450 638 222.0 1l.241 Rich
413 770 . 400 639 221.8 1.206 Rich
414 .768 «&0C 659 228.2 798 Lean
415 .768 400 659 228.2 803 Lean
416 .765 543 852 262.1 1.019 Min. press.
417 <770 .358 651 252.4 1.11G . |Min. press.
418 . 765 533 858 269.3 .954 Min. press
419 .768 550 664 262.8 1.014 n. press
420 1.608 850 859 224.9 1.394 Rich
421 1.610 .850 833 236.7 .852 Lean
422 1.650 -850 693 242.8 .B652 Lean
423 1.656 .850 683 238.9 .672 Lean

] 577 1.185 | 0.800 649 231.2 0.888 Lean Gasoline High IS
578 1.180 .600 632 226.1 1.244 Rieh
579 .985 .500 639 227.0 1.082 Lean
580 .885 500 640 227 .4 1.088 Rich
581 .985 .Bl0 641 225.3 1.Q74 . [Min. press.
582 1.080 .550 648 251.8 .52 _ Lean
583 1.080 .550 638 220.4 1.178 Rich
564 1.720 .850 675 246.3 772 Lean
585 1.720 .850 649 236.9 1.316 Rich
5868 1.880 1.000 6756 242.3 .760 Lean
587 1.985 1.000 647 232.8 1.342 Rich
588 1.985 1.000 647 228.3 1.542 Rich
10 424 1.920 1.000 856 227.1 0.758 Lean @Gasoline High Ilb

425 1.920 1.000 627 217.1 1.380 Rich
428 1.370 . 700 630 222.4 1.314 Rich
427 1.565 . 700 830 221.8 1.324 Rich
428 1.370 700 651 229.8 .88e Lean
423 1.350 700 648 225.4 934 Lean
430 1.188 .600 850 254.1 <904 Lean
4351 1.202 - 800 628 227.5 1.335 Rich
452 .955 500 658 228.7 .816 Lesn
433 -850 .500 638 218.6 1.228 Rich
434 «780 593 649 232.2 .998 n. preaa.
455 .780 .380 649 240.2 998 in. press.
436 1.130 600 859 225.8 .789 Lean CA
457 1.130 . 600 &35 215.7 1.292 Rich

8y_gutter 2" wide by 2" high.

bCooled blades.

8L92



2678

NACA RM E53Bl6 ] 15
TABLE IX. - BASIC DATA FOR COMBUSTION EFFICIENCIES SHOWN IN FIQURES 11 PO 18
Figure fun Alr Inlet Inlet Inlet Equivalence | Effi- Fusl Injection~| Config-
£low, static |[mixture iveloclity, ratio clenoy, system uration
Mg, pressure,| temper- v, n pressure
1b/mec P, ature, [ £t/sec
atm T,
OR

11(a}) 59 3.80 2.003 684 234.0 0.769 §5.2 Isopentane Low II
80 3.80 2.013 8§85 233.2 <714 63.8
61 3.80 2.0135 687 254.0 .660 €l.6
&2 3.78 2.010 €80 231.2 .829 €9.1
&3 5.79 2.010 877 230.2 .885 70.9
64 5.79 2.000 6§74 230.4 942 7.2
65 5.79 2.000 872 229.6 .997 70.9
&6 3.79 2.000 g8 228.3 1.055 66.6
67 3.79 2.000 666 227.7 1.108 62.8
68 3.79 1.993 681 2335.6 LT7L 67.8
€8 3.79 2.000 678 231.8 .B85 72.2
70 5.79 2.000 876 231.0 942 5.4
71 5.79 2.000 684 2535.8 .718 64.6
72 3.85 2.000 675 235.8 0.760 62.1 Iscpentane Low I
73 3.84 2.000 6§70 232.1 .818 65.2
T4 3.84 2.000 687 231.1 .875 69.6
75 3.84¢ 1.993 663 230.5 930 70.7
75 3.84 2.010 6§60 227.8 .985 70.4
17 5.84 2.010 657 226.5 1.040 66.1
78 3.84 2.007 655 226.0 1.096 59.3
19 3.84 2.007 660 228.0 .985 70.1
80 5.84 2.000 664 229.9 -830 70.8
a1 35.84 2.000 668 231.3 8735 69.8
82 5.84 2.000 674 255.6 . T760 63.9
a3 3.84 2.000 674 255.6 .708 {1}

11(b) a5 1.080 0.520 633 232.7 0.777 52.2 Isopentane Low I
28 1.055 516 628 230.5 .896 49.7
27 1.0680 -520 621 228.4 1.005 46.9
28 1.060 .520 625 230.0 .950 £8.7
29 1.068 «520 628 232.7 835 50.3
30 1.068 525 €19 227.9 1.053 42.5
31 1.068 523 618 227.7 1.110 £0.0
32 1.072 0.520 614 228.5 0.992 47.6 Isopentane Low II
33 1.058 «523 614 224.1 .850 50.6
34 1.070 -518 617 230.7 884 52.5
35 1.067 516 €19 230.7 827 54.0
56 1.066 523 823 229.1 <775 56.4
37 1.062 .520 6§12 217.1 1.047 42.0
38 1.068 .520 609 226.0 1.118 58.2
38 1.068 .520 €16 228.2 1.052 42.0
40 1.068 520 621 250.5 .940 49.1
41 1.068 516 826 253.6 .826° 52.4&

1i{c) 11 2.020 1.528 728 200.1 ©.821 76.8 Isopentane Low I

and 12 12 2.030 1.343 721 196.5 1.018 6.7
13 2.005 1.526 T10 1835.5 1.261 57.0
14 2.025 1.330 729 200.2 211 8l.4
i5 2.000 1.346 759 1g8.1 .721 79.2
17 2.020 1.530 718 196.8 0.811 77.2 Iscpentane Low II
18 2.026 1.526 711 196.0 1.020 75.8
19 2.009 1.333 709 192.8 1.137 €9.7
20 2.000 1.533 723 195.8 .925 78.9
21 1.890 1.3540 757 197.4 .7T19 80.6 NACA
22 1.985 1.343 714 190.4 1.273 57.2

1

Lean blow-out.
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TABLE IT. - BASIC DATA FOR COMBUSTION EFFICYENCIES SHOWN IN PIGURES 11 TO 16 ~ Continued

Figure Run Alr Inlet Inlet Inlet Equivalence |Bffi- Fuel Injection-| Config~
flow, static mixture | velocity, ratio clency, system uration
¥y, pressure,! temper~ v, n pressure
1b/sec P, ature, rt/'sec
atm y
12 42 2.065 1.336 700 195.2 1.002 84.2 Iscpentane Low Vil
45 2.040 1.333 699 183.0 1.121 77.3
res 2.025 1.326 696 191.7 1.238 87.¢
45 2.020 1.330 711 194.8 1.023 B82.8
48 2.016 1.33% 721 196.5 .918 89.1
47 2.010 1.335 730 198.5 .815 92.6
48 2.010 1.533 787 200.5 <711 92.4
49 2.005 1.340 728 196.6 1.031 83.8
50 2.025 1.333 725 198.8 l.128 5.7
51 2.025 1.335 717 196.4 1.238 64.3
52 2.025 1.333 726 189.4 1.021 84.5
53 2.025 1.340 740 201.8 .815 97.1
54 2.025 1.333 748 204.9 TR 95.5
244 2.145 1.333 898 202.1 0.863 24.3 Iscpentane Low VIII
245 2.160 1.347 704 203.5 .759 26.5
246 2.180 1.357 704 £202.2 794 27.4
247 2.195 1.333 704 208.1 .6881 b
249 2.180 1.353 T04 207.6 .908 a
249 2.185 1.333 10 210.0 .798 .2
250 ° 2.185 . 1.553 710 210.0 711 (»)
13 and 359 1.736 1.000 851 23.9 0.774 58.0 Gasoline High I
14 38Q 1.735 1.000 651 2035.9 . 752 (b}
381 1.725 1.000 846 201.0 864 §2.9
362 1.73%5 1.000 €435 201 .4 .846 835.9
363 1.720 1.000 €41 198.89 1.044 84.8
564 1.725 1.000 639 198.8 1.127 61.9
365 1.750 1.000 636 198.5 1.217 57.1
13 589 1.716 1.000 854 202.3 1.184 53.5 Gasoline High 1°
580 1.710 1.000 856 202.3 1.116 50.4
591 1.718 1.003 858 205.2 1.047 BO.%
592 1.720 1.000 662 208.5 -976 61.0
593 1.715 1.000 666 208.2 914 80.9
584 1.715 1.000 669 207.1 -850 59.6
595 1.7156 1.000 659 207.1 «783 (b}
586 1.715 1.000 565 202.9 1.184 55.5
597 1.720 1.000 851 202.1 <248 51.5
598 1.715 1.000 647 200.3 1.318 46.6
599 1.718 1.000 647 200.3 1.353 (2)
. 600 1.725 1.000 €67 207.7 939 60.2
601 1.720 1.000 662 205.5 1.012 6l1.8
14 345 1.680 1.000 679 203.4 0.765 85.4 Gasoline High VII
346 1.855 1.000 679 202.8 «T24% 85.8
347 1.655 1.000 579 202.8 687 gb)
348 1.875 1.000 673 2035.3 .801 5.4 -
549 1.670 1.000 870 201.8 .850 86.5
350 1.675 1.000 666 201.2 .881 86.6
351 1.680 1.000 663 201.0 .932 86.4
352 1.685 1.000 659 200.3 <974 85.8
353 1.890 1.000 856 189.9 1.015 84.3
354 1.680 1.013 652 185.0 1.089 8.7
355 1l.700 1.013 650 198.7 1.100 78.9
356 1.890 1.023 644 191.9 1.153 72.9
357 1.705 1.023 641 192.7 1.189 69.8
381 1.67Q 1.000 669 138.6 .892 80.1
382 1.875 1.000 663 200.4 0.846 82.1 gGasoline High vizd
383 1.866 1.000 667 200.3 .808 82.7
384 1.865 1.000 670 201.4 763 82.3
385 1.665 1.000 670 201.4 . 748 {b)
386 1.665 1.000 666 199.0 -394 80.8
587 1.855 1.000 662 197.8 1.084 77.8
388 1.686 1.000 658 197.7 1.171 70.3
388 1.655 1.000 &54 195.4 1.273 61.0
380 1.6855 1.000 654 195.4 1.321 (a)
391 1.850 1.000 2668 199.0 1.040 80.0
382 1.660 1.000 672 201.3 542 85.6
395 1.6860 1.000 864 186.8 1.12% 75.0
394 1.655 1.000 €60 187.2 1.228 65.2 NA
595 1.655 1.000 860 197.2 1.316 (a)

ZRich blow-out.
PLean blow-out.

Sy-gutter 2" wide by 2" high.

dgooled blades.

8L92
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TABLE II. ~ BASIC DATA FOR COMBUSTION EFFICIENCIERS SHOWN IN FIGURES 11 TO 16 - Conoluded

Figure Run Alr Iniet Inlet Inlet Equivalence | Effi- Fuel Injection-| Config-
flow, static mixture |[veloclty, ratio cilency, system uration
Mg, pressure,! temper- V. n pressure
1b/sec P, ature, | ft/sec
atm gﬁ
15 and 5§23 1.145 0.686 858 203.8 1.048 §9.4 Qasoline High VII

16. 824 1.145 .866 654 202.8 1.110 66.7
625 1.145 .666 6§50 201 .4 1.172 §2.0
626 1.148 +666 850 201.4 1.240 (a)
627 1.150 .666 655 203.9 1.044 70.3
628 1.145 666 §58 203.8 .986 T.4
6§29 1.145 .666 660 204.6 924 77.2
630 1.145 666 662 205.2 .862 78.5
631 1.160 .B66 885 208.9 <790 78.4

15 386 1.125 0.666 655 188.7 0.944 58.3 Gasoline High I
367 1.120 .866 652 197.7 .885 57.7
368 1.120 .868 6§54 198.3 .819 53.8
369 1.120 .666 654 198.3 77T g)
370 1.120 -666 647 198.2 1.008 3
571 1.110 .666 E4b 183.5 1.081 59.7
372 1.120 .6E86 641 194.4 1.1335 57.3
373 1.120 666 638 193.5 1.201 55.1
574 1.120 .666 635 192.6 1.264 49.6
375 1.120 . 566 835 ig2.5 1.339 (e)

16 632 1.160 0.666 865 208.9 0.734 (b) Gasoline High VII
8335 766 A4S €53 203.3 1.100 64.1
634 .785 450 853 200.2 1.148 (a)
635 . 760 « 450 652 lg8.8 1.058 65.7
636 -.765 453 653 1g8.9 1.002 66.8
637 .760 450 655 199.8 .954 69.7
658 .760 .450 656 199.8 .954 {b)
640 0.850 0.500 858 201.3 1.078 65.1 gasoline High VIii
641 -850 500 654 200. 1.1:18 64.0
642 .850 .500 §51 199.8 l.162 €l.5
€43 .850 .500 651 189.8 1.208 58.6
644 .850 .500 651 189.8 1.245 (2)
645 .850 -500 680 202.5 1.078 85.9
646 .850 .500 6§61 202.7 1.055 69.1
847 -850 .500 662 205.1 .980 70.1
5§48 .850 .500 663 205.4 946 71.6
649 .850 . 503 665 202.7 .902 72.6
850 -850 <503 668 203.5 .854 73.2
651 -850 500 51-1:] 204 .8 .838 {b)
852 1.740 1.000 696 218.6 Q.771 79.7 Gasocline High VII
655 1.735 1.000 891 216.2 .81¢9 82.2
654 1.735 1.000 887 215.7 860 80.8
655 1.755 1.000 885 214.5 .905 82.0
658 1.740 1.000 682 214.0 944 8.2
8§57 1.740 1.000 679 215.2 .988 79.1
658 1.740 1.000 677 212.8 1.052 76.7
6§59 1.740 1.000 872 211.0 1.120 69.9
860 1.740 1.000 668 209.7 l.212 62.0
661 1.745 1.000 5§62 208.3 1.298 53.2
562 1.745 1.000 662 208.3 1.544 (a)
€83 1.740 1.000 €87 215.6 «T7L 8l.4
664 1.740 1.000 688 215.9 - T50 80.8
865 1.740 1.000 [:1:1:] 215.9 .688 (p)
666 1.440 0.833 882 212.6 0.732 77.5 Gasoline High Vi
€67 1.450 .833 676 212.3 1.005 76.3
668 1.440 .833 872 209.5 1.088 71.8
669 1.430 833 g68 208.8 1.174 65.2 NACA
670 1.440 .833 664 207.1 1.248 57.2

2R1ch blow-oub.
ean blow-ocut.
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Pigure 1. - Schematic illustration of 5-inch rem-Jjet combustor setup.
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Port for hydrogen-oxygen ignitor flame
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Figure 2, - Five-inch-diameter, comected-pipe, ram-jet combustor.
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(a) Inconel blade, internally (b) Molyhdenum blade, refractory and
water cooled. oxidation reaistant wp to 3000 ¥.

Figure 3. - Photograph of two types of flame-immerced blade used in S-inch-dismeter
rem- Jet combua?:crr.
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N O @

{(d) Configuration IV; blades in positions 7 to 12.
CD. 2880

Figure 4. - Various geometrical configurations used in investigation.



a2

L) NACA RM E53Bl6
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CD.2881

(n) Configuration VIII; vortex generators upstream of V-gutter.

Figure 4. - Concluded. Various geometrical configurations used in investigation.
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A /
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g VL L [N [ttt JA
8 \ ~_ —
5 \
?
4 \ Configuretion IT, 12 blades in | //
: \ \lin:nd. parp:mmu i axis

Equivalence retio

Figure 5. - Ccmparison of oombustion limits of configurations I amd II. Inlet conditioms: tempera~-

ture, 200° T; veloolty, 220 feet per second. Fuel, isopentane witk low-pressure injeotion.
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Combustor-inlet pressure, atm

L ) NACA RM ES3RB16
1.1
] i . |
N 1l
1.0 ] 1 ] l'
| \ ! |
‘r \ / I
Ll | [ ]
\
\ 1
| \ - /
\ \ /
8 \ \ \ | F !
\ \ / /
\ \\ / /
‘ \ L/ ]
o7 \ ‘\ / II
\\ \\‘ #// ,/
N\
6 \ \\ N sonfigu:a:ion I, /l /
. \ < - _ -gutter alone | // /
\ \ T—+—F- /
5 \\ \ I 17 f/
. \ \ Configuration III, blades in
ositions 1, 4, 7, and 10 /
\\‘ & - J/ /
\ N - 4
< A y4
: \ [Configuretion IT, 12 blades in 7
\*kl’fe and perpendicular to fi-‘»—— - 1~
-5 - = | AL
.8 T .8 .9 1.0 1.1 1.2 1.3 1.4

Equivalenoce ratio
(a) Configaration IITI.
Figure 8. - Compariscon of combustion limits of several configuretions with combustion limits of

oonfigurations I and IT as shown in figure 5. Inlet—oonditions: temperature, 200° Fj velocity,
220 feet per second. Fuel, lsopentane wlth low-pressure injection.
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Combustor-inlet pressure, atm

P ~— Configuration I
N ~[_ v-gutter alcne }/ /
\ \ e . e e e e —
\ / /
i /
\ ]
5 Y Configuration IV, bledes
\ in positions 7 to 12 /l
) /
\| )
v 7
AN e
~ ~
S~ —

] —1

A e e
Confignration IT, 12 Dlades In

line and perpendioular to exis w
.5 1 L} 1 JE— ;- 1 PR— 1

.6 7 .8 .9 1.0 1.1 1.2 1.3 1.4
Equivalence ratio

(b) Configuration IV.

Figure 6. - Contimued. Comparison of combustion 1imits of several configurations with combustion
1imits of configurations T and IT a2s shown in figure 5. Inlet oonditlons: temperatiure, 200° B3
veloolty, 220 feet per mecond. ZFuel, iscpentane with low-pressure injection.
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: AL [/
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3 \‘ N \\ Configuration I, / /
E 6 \ <] V-gutter alome 7 7
\ 4—+—F—" / /
V
/
w. / 4
5 \ e
Confilguration V, 12 blades in A
\ line and parallel to axis /
N /
4 AN
N 7
\\ L — 1

Configyration IT, 12 bledes 1n

line end perpendicular to axis o W
.8 .7 .8 .9 1.0 1.1 1.2 1.3
Equivalence ratlo

&

(o) Configuration v.

Figure 6. - Contimued. Comparison of combustlion limits of several configurations with combustion

limits of configurations I and IT as shown in figure S. Inlet conditions: temperature, 200° r;
velocity, 220 feet per seocond. Fuel, lsopentane with low-pressure injection.
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§ \‘ A Configuration I / i
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B .6 \ \ <1z = y
\ N1 /
V \ Configuration VI, / /
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\ N a /
\
4 . \\ /]
AN § \ P /
ErttAc ===
. e and perp il c [ l W
1.3

.6 Nd .8 .8 1.0 1] 1.2
Equivalence ratio

(&) Configuration VI.

Figure 8. - Concluded. Comparison of ocmbustion limite of several configurations with ccmbustion
limits of configurations I and IT as shown in Pigure 5. Inlet condltions: temperature, 200° r;

veloclity, 220 feet per second. Fuel, isopentane with low-pressure injection.
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Coebustor-inlet pressure, atm

L NACA RM EB3Bl6
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Figure 7. ~ Comparison of ocmbugtion limtts of gasoline and isopentane in oonfiguration VI. Inlet
conditions: temperature, 160" F; velooity, 220 feet per secomd. Low-pressure fuel injection.
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Combustor-inlet pressure, atm

YV-gutter alone

A W AN
\ Configuration IT, 12 blades 1n /

\\ line snd perpendiculer to axis

\e\ Configuration I, /%

LR Vimv
4

3] 7 .8 .9 1.0 1.3 1.2 1.3 1.4
Equivalence ratlo

Figure 8. - Combustion limita of configurations T and IT. Inlet conditions: temperature, 200° F;
velocity, 200 feet per second. Fuel, gasoline with high-pressure injection.
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Combustor-inlet pressure, atm
-]
—
™~

N // //
5 \ ~l . L] /|
. \— o f
\ )’
\\N\ lf" Y-gutter _ yd -
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Equlvalence ratlc

Figure 9. -~ Combustion limits of Z- and 1%-—1nch V-gutters. Inlet conditions: tem-

perature, 200° F; velocity, 200 feet per second. Fuel, gasollne with high-preassure
injectlon.
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Combustor-inlet pressure, atm

O Configuration I, V~gutter alone I
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) O Configuration IT, uncooled blsdes |
& Configuration IT, cooled blades
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Figure 10. - Combustion limits of configuration I and of configuration ITI with both cooled and
uncocled blades. Ynlet conditions: temperature, 200° F; veloolty, 230 feet per second.
Fuel, gesoline with high-pressure lnjectiom.
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Combustion efficlency, 7, percent

y 3 NACA RM ES3B16
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{(a) Inlet conditions: pressure, 2.0 atmospheres; temperature, 220~ P;
veloclty, 230 feet per second.
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?b) Inlet conditions: pressure, 0.50 atmosphere; temperature, 160° F;
velocity, 230 feet per second.

90
o
(m]
80 ro)
% MR
7 ~
Y
\\\\\
O Configuration I, V-gutter alone \\\\\
80! [0 Configuration II, 12 blades in N
line and perpendicular to axis >
W
50 1
.6 7 8 9 1.0 11 1.2 1.5

Equivalence ratio

(¢) Inlet conditions: pressure, 1.33 atmospheres; temperature, 260° F;
veloclity, 200 feet per second.

Figure 1l. - Combustion efficiencles of configuratiohs I and II at several
inlet condltions. Fuel, isopentane with low-pressure injection.
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Combustion efficiency, 3, percent
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Equlvaelence ratio
Figure 12. - Combustion efficiencies of configurations I, II, VII, and VIII.

Inlet conditlons: pressure, 1.33 atmospheres; temperature, 250° F; veloc-
1ty, 200 feet per second. Fuel, isopentane with low-pressure injection.
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Combustlon efficiency, 5, percent

Combustlon efficlency, n, percent

L NACA RM E53B16
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Figure 13. - Combustion effiolenoles of 1i- and 2-inoh V-gubters. Inlet conditions:

ressure, 1 atmosphere; temperature, 200° F; veloelty, 200 feet per second. Fuel,
gagoline with high-pressure 1njection.
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Figure 14. - Combustion efficlencles of configuration I and of configuration VII with
both cooled and uncooled blades. Inlet conditions: pressure, 1 atmosphere; tem~
perature, 200° F; veloolty, 200 feet per seoond. Fuel, gasoline with high-pressure
injection. i
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Combustion efficlency, 1, percent

Combustlon efficiency, v, percent

Confignretion VII,

70 &ncooled. blades

/ Configuration I, \D\
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Flgure 15. - Combustion efficlencies of configurations I and VII. Inlet

conditions: pressure, 0.67 a‘hnoszg:re; temperature, 200° F; velooclty,
200 feet per second. TFuel, gesol with high-pressure injection.
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Figure 18. - Combustion effiolencles of conflguration VII at several inlet
pressures. Inlet conditions: temperature, 200° ¥; velooity, 200 feet
per second. Fuel, gasoline with high-pressure injectlon.
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Combuetion efficlency, 7, percent
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20 for mixing. Data from fig. 16
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from fig. 4 of ref. 5. Inlet tempera-
ture, 180° F; inlet velocity, 190 ft/eec
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Flgure 17. - Comparison of varlation of combustlon efflciency with 1nlet pressure of con~

fignrations T and VII.
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